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Abstract 
Pandu Rangan, C. and R. Govindan, An O(n log n) algorithm for a maxmin location problem, 
Discrete Applied Mathematics 36 (1992) 203-205. 
We present an O(n log n) exact solution to the problem of locating a facility among n demand 
points in the plane which maximises the minimum Euclidean distance of the facility from the de- 
mand points and is constrained to be within a certain distance from each of the demand points. 
The previous best-known solution by Drezner et al. is an approximate iterative solution with each 
iteration taking O(n2) time in the worst case. 
1. Introduction 
The problem of positioning a facility among n demand points which maximises 
the minimum Euclidean distance of the facility from the demand points is known 
as the obnoxious one-center problem. A trivial solution to this problem is to locate 
the center at infinity. But for nontrivial solutions, some constraint is imposed on 
the location of the center. One such constraint is that the center be placed within 
a specified distance of each of the n given points. In another version of this problem, 
weights are associated with the demand points and we have to maximise the 
minimum product of the Euclidean distance and weight. Drezner and Wesolowsky 
[2] discuss an iterative solution to the obnoxious one-center problem. Each step of 
their iteration is 0(n2) in the worst case. The number of iterations is governed by 
the accuracy required. We provide an O(n log n) algorithm for the unweighted 
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version of this problem. Our algorithm gives the exact location while the algorithm 
in [2] gives only an approximate solution. Unfortunately, in fli2 present form our 
algorithm does not work for the weighted version of this problem. 
2. An overview of the algorithm 
Given a set of points pI,p2, . . . . pP1 in the plane with associated distances 
br2, -4, the obnoxious on=-center problem in the Euclidean metric seeks to 
locate a facility f in the plane that maximises min{d(J&) 1 9. s is n}, where 
b(f,pi) is the Euclidean distance betweenfand pi, subject to, d(Jpi)Srj, for eac5 
i= I,& . . ..n. 
Geometrically, the problem seeks to find the largest empty circle (referred to as 
LEC [3]). This is the largest circle in the plane which does not contain any of the 
points pi in its interior and whose center is located within a distance ri from pi for 
i -= l,& . . ..pt. Suppose the circles Ci of radii ri are drawn with the points pi as 
centers for each i = 1,2, . . . , n. Then the center f of the LEC must lie within each of 
the circles C’i and must therefore lie in the intersection of these circles denoted by 
I. Thus the obnoxious one-center for the set of demand points pl,p2, . . ..pn is the 
center of the LEC and lies in the region I. But, there may be an infinite number of 
points which may be centers for such an LEC and it is not possible to check all of 
them. The following lemma suggests that we have to check only a finite number of 
points inside I. 
Lemma 1 131. The LEC among n demand points in the plane, whose center lies 
within a spesjfied distance ri from each point pi has its center at one of 
(a) the vertices of the Voronoi diagram of the demand points enclosed within the 
region I, 
(5) the intersection poirrts of the edges and rays of the Voronoi diagram with the 
boundary of the region I, 
(c) the vertices of the region I. 
An algorithm is given by Toussaint [3] for finding the LEC with its center satisfy- 
ing the constraints of Lemma 1. In his algorithm, the region I is a convex polygon 
and in our case it is a convex region bounded by arcs of circles. So. our algorithm 
consists of two steps. First we find out the region I, i.e., the intersection of the n 
circles and then compute the LEC whose center lies in I. We describe the algorithm 
in the next section. 
3. The algorithm 
S&p 1. Compute the intersection of n circles, i.e., the region I. This can be 
done by using the inversion transformation as described by Brown [l]. The time 
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complexity of this step is O(n log n). If the region I is empty, there is no solution 
for the obnoxious one-center problem. Otherwise, go to Step 2. 
Step 2. Find the LEC with its center lying in the region I. This can be done by 
the algorithm given in Toussaint [3]. Again, the time complexity is O(n log n). The 
facility should be located at the center of this LEC. 
Theorem 2. The above algorithm c orrecily solves the obnoxious one-center problem 
in O(n log n) time. 
Proof. The correctness follows from the discussion in Section 2 and the validity of 
the algorithms in [I] and 131. 0 
4. Conclusion 
In the recent past, several problems in combinatorial and geometric optimization 
have been solved with new insight by using the algorithmic techniques employed in 
the field of computational geometry. We have suggested a simple algorithm fon 
finding the obnoxious centre for a set of given facilities which gives an exact solution 
and runs faster than the existing methods. Irl fact while the existing method is 
iterative and takes O(n2) time for each iteration (the number of times one has to 
iterate is depending on the accuracy of the solu;ion), our method is exact and takes 
only n log n time. However, our solution cannot handle the weighted case while 
Drezner’s iterative method will work for even the weighted version of the problem. 
It remains as kc1 interesting open problem if the computational geometric techniques 
can be employed profitably for the weighted version also. 
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